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INTRODUCTION
The management of young infants with fever is evolving with the advent of improved bacterial culture systems and various protocols that aid in predicting the risk for serious bacterial infections (SBIs). Febrile infants (temperature ≥38.0°C) are initially seen in an outpatient setting such as the emergency department (ED) or physician's offi ce and may be either managed in an outpatient or inpatient setting while awaiting bacterial culture results. 1 Infants with fever or concern for SBI who are admitted to the hospital often receive empiric antibiotic coverage and are clinically monitored for 48 hours while awaiting blood, urine, and cerebrospinal fl uid (CSF) culture results. This time period is based on multiple previous studies reporting that nearly all clinically signifi cant organisms will show growth on bacterial culture media within 48 hours [2] [3] [4] ; however, many of these studies were performed before the institution of continuous blood culture-monitoring systems, potentially infl ating the reported www.hospitalpediatrics.org time to detection (TTD). Several more recent studies have shown that the TTD of the majority of pathogenic organisms on blood cultures in children is <24 hours, [5] [6] [7] [8] but these studies were performed on infants in the ICU, nursery, or those >1 month of age, potentially excluding a large proportion of infants with fever managed by general pediatricians.
An automated blood culture-monitoring system has been in place in our hospital system since 1991. Many infants with fever have urine and CSF cultures drawn as well, which are read manually once per day in our laboratory. There are limited published data on the TTD of urine and CSF cultures of febrile infants and no identifi able study including the TTD of bacterial cultures in otherwise healthy infants aged 0 to 28 days. The current study was undertaken to determine if bacterial cultures taken in young infants would show growth of pathogenic bacteria in <36 hours, with the goal of potentially discharging otherwise healthy infants earlier than the standard 48-hour observation period.
METHODS

Study Population and Design
This study was a retrospective chart review of positive results on blood, urine, and CSF cultures drawn in the ED or inpatient setting during the evaluation for SBI in previously healthy infants aged 0 to 90 days. Culture data were obtained by using the PathNet Microbiology Database (North Kansas City, MO) within the Cerner electronic medical record system. Inclusion and exclusion criteria are listed in Table  1 . All blood, urine, and CSF cultures drawn in the specifi ed population were identifi ed, and charts from all infants with positive culture results were manually reviewed by the authors. The time period for charts selected for review was from October 2007 (earliest available data in the database) through February 2011.
Cultures were deemed "true pathogens" if the patient was treated for that particular infection as determined by the attending physician. Cultures were deemed "contaminant" if the patient was not treated for infection with that organism. Data gathered from chart review included the cultured organism, TTD (in hours), infant's age (in days) at the time the culture was drawn, chief complaint on presentation, and true pathogen versus contaminant in culture specimen based on clinical course.
The institutional review board at Eastern Virginia Medical School reviewed and approved this study.
Laboratory Protocols
The standard procedure in our institution is to obtain a 3-to 5-mL blood specimen for culture, with a minimum of 1 mL. Specimens are inoculated into BACTEC Peds Plus/F culture vials and placed on the BACTEC 9000 Fluorescent Series instrument for incubation and reading (BD, Franklin Lakes, NJ). The bottles are scanned every 10 minutes, and if fl agged as positive, the sample is removed from the bottle and Gram stained. The specimen is then plated and read daily for further identifi cation of the organism and susceptibilities.
The minimum fl uid collection requirement for urine and CSF culture is 0.5 mL. Urine and CSF samples are immediately plated and placed in an incubator. They are then removed and read manually once daily for growth.
Statistical Analysis
The data were analyzed by using SAS version 9.2 (SAS Institute, Cary, NC) and SPSS version 19 (SPSS Inc, Chicago, IL) software. The average TTD for blood, urine, and CSF samples were determined by using data from all positive samples. To determine the relationship between average TTD and percent contaminant, linear regression analysis was performed. To examine the relationship between outcome (treatment or no treatment) and TTD (≥36 hours or <36 hours), Pearson χ 2 tests were performed. If signifi cant (P < .05), this analysis was followed by odds ratio analysis to further quantify the relationship's signifi cance. Similarly, χ 2 analyses were conducted to determine the relationship between TTD (≥36 hours or <36 hours) and age of patient (≥28 days or <28 days).
RESULTS
A total of 283 charts were reviewed related to 307 positive culture results. The mean TTD of the isolated organisms for each culture type is outlined in Table 2 .
A total of 2092 blood cultures were drawn in the selected population, of which 115 were positive (5.5%); 14 positive culture results met exclusion criteria. Of the remaining 101 positive blood culture results, 38 (38%) were deemed to be true pathogens with a mean TTD of 13.3 hours. The 63 (62%) blood cultures deemed contaminant specimens had a mean TTD of 24.9 hours. Of the blood cultures treated as true pathogens, 97% were identifi ed in ≤36 hours (Fig 1) . Linear regression demonstrated a signifi cant If CONS were excluded, the R 2 would increase to 0.8328 (Fig 3) . However, with inclusion of all pathogens, a relationship was still demonstrated, with those positive urine culture results with a mean TTD ≥36 hours being 4.005 times more likely to be treated as a contaminant compared with samples with a mean TTD <36 hours.
A total of 1159 CSF cultures were drawn in the selected population, of which 14 had positive (1.2%) results, and no exclusions were necessary. Of the 14 positive culture results, 7 (50%) were true pathogens with a mean TTD of 28.9 hours, and 7 (50%) were contaminant specimens with a mean TTD of 57.7 hours. Of the CSF cultures treated as true pathogens, 86% were identifi ed in ≤36 hours (Fig 1) . Due to small sample size, linear regression could not be performed for CSF cultures.
Analysis of data for infants aged ≤28 days was limited due to small sample relationship between average TTD and percent contaminant with an R 2 of 0.7876 (Fig 2) . Blood cultures with TTD ≥36 hours were 7.827 times more likely to be treated as a contaminant compared with blood samples identifi ed in <36 hours (P = .028).
There was a total of 2283 urine cultures drawn in the selected population; 232 had positive results (10.2%). Forty positive culture results met exclusion criteria. Of the remaining 192 positive results on urine culture, 111 (58%) true pathogens had a mean TTD of 21 hours versus 26.7 hours for the 81 (42%) contaminant urine cultures. Of the urine cultures treated as true pathogens, 95% were identifi ed in ≤36 hours (Fig 1) . Linear regression demonstrated a weak correlation between mean TTD and percent contaminant for positive urine samples, mainly due to the inclusion of coagulasenegative Staphylococcus (CONS), which is commonly considered a urine contaminant and has a relatively rapid TTD.
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100 | VOLUME 3 • ISSUE 2 www.hospitalpediatrics.org size. Forty percent of true pathogens in blood cultures occurred in infants aged ≤28 days (n = 16), and all produced positive results in <36 hours. Twenty-seven percent of true pathogens in urine cultures occurred in children aged ≤28 days (n = 30) with 1 sample detected at >36 hours. There were 2 true positive results in CSF samples in infants ≤28 days of age, both detected in <36 hours. When looking at the relationship between TTD (≥36 hours or <36 hours) and age of patient (≥28 days or <28 days), there were no signifi cant relationships found; all P values were >.05. This fi nding demonstrates that age of the infant (in days) likely has no relationship to TTD.
DISCUSSION
Multiple studies of infants <90 days of age have shown that the incidence of SBI is great enough to warrant evaluation for the source of fever or illness. Current recommendations for the evaluation and management of the febrile infant involve risk stratification based on the age of the infant and fi ndings on laboratory testing; it is recommended that infants in high-risk categories be monitored on empirical antibiotics in the inpatient setting while awaiting bacterial culture results. 1 Previous studies have evaluated the TTD of bacterial cultures in the newborn population, as well as in infants aged 28 to 90 days [2] [3] [4] [5] [6] [7] [8] ; however, there are many infants evaluated for SBI who do not fall into these categories, and culture methods have changed since these studies were published. These data suggest that, in the appropriate clinical and social circumstances, the physician may discontinue antibiotic therapy at 36 hours if bacterial cultures continue to have negative results during evaluation for SBI in otherwise healthy infants.
In practice, the extent of the laboratory evaluation and choice to administer antibiotics varies, and children are frequently managed based on provider preference and clinical judgment of the degree of illness. 9, 10 With existing variation in practice, many otherwise healthy infants with fever are admitted to the hospital based on provider experience and practice, not necessarily with strict adherence to published guidelines. Although the risk and consequences of SBI in young infants cannot be overlooked, those infants who are admitted to the hospital and who are determined to be low risk have, at most, an SBI rate of 1% to 3%. 11 When weighing the risk of SBI in young infants with fever, the downsides of hospitalization must be considered. Within the Children's Hospital Association network, an ED evaluation and a 48-hour hospital stay in an otherwise healthy infant with fever generally incurred a charge of approximately $8000 in 2010. 12 An inpatient admission also exposes the infant to iatrogenic complications such as health care-associated infections, intravenous infi ltration, and antibiotic adverse effects as well as causing signifi cant parental emotional and fi nancial stress. Two studies have described the iatrogenic complication rate involved with the hospitalization of the young febrile infant to be 20% to 30%. 13, 14 These studies describe complications including intravenous infi ltrations, diarrhea or bone marrow suppression attributed to antibiotic use, acquired infection, and drug errors. Although the majority of these complications were self-resolving or easily treated, any complication is diffi cult to face from the child's or parent's perspective and may be less likely to occur with shorter length of hospitalization. Notable to the current study was the determination of true positive and contaminant culture results based on attending physician decision for treatment course. This methodology was chosen due to subtle clinical and social circumstances that are present with each case which cannot reliably be determined in chart review. We have therefore included in the true positive analysis 3 samples with positive blood culture results with species generally considered contaminants. A limitation to evaluating the TTD of bacterial specimens is the method of detection of bacterial growth on culture in our microbiology laboratory. As in many laboratory systems, urine and CSF cultures are read once daily, thereby potentially lengthening the reported TTD. If urine and CSF cultures were read twice daily, there would likely be a shorter reported TTD for pathogenic bacteria.
There were 5% of true positive urine cultures detected in >36 hours; the details of each case are outlined in Table 3 and demonstrate increased level of suspicion for UTI, treatment before culture, or physician discretion for treatment. In addition, 2 pathogenic specimens in CSF were detected at ≥36 hours, which require discussion. The fi rst case was an illappearing infant with a blood culture result at 11 hours positive for Streptococcus pneumoniae in which the CSF demonstrated growth of the same organism at 36 hours; this specimen was read initially at 4 hours and not read again until the 36-hour mark due to our laboratory's process of once-daily reading of cultures. The second was an 8-day-old infant of a 35-week twin gestation without prenatal care presenting with hypothermia. This infant's CSF culture had detection of Enterococcus faecium at 65 hours; despite the lack of VOLUME 3 • ISSUE 2 www.hospitalpediatrics.org CSF pleocytosis and long TTD of the organism, this infant was treated due to ongoing hypothermia and apnea with bradycardia. This study is limited in the small number of CSF samples available for analysis in the selected population. Of 1159 CSF cultures performed in the population there were 7 positive samples treated as true pathogens (0.6%). Our study found that 86% of true pathogens in CSF culture were identifi ed in ≤36 hours; therefore, we suggest using these data to support discharge before 48 hours in a well-appearing infant without signifi cant CSF pleocytosis. Future collaborative studies would be helpful to gather more data regarding the TTD of pathogenic bacteria in the CSF of infants being evaluated for SBI.
We also suggest that physicians become familiar with the methods used for bacterial culture sampling and monitoring in their institutions. Due to the nature of this retrospective chart review, we were unable to determine several factors that should be taken into consideration in determining likelihood of bacterial growth in culture; these include the bacterial burden in the infant, amount of culture fl uid obtained, and previous administration of antibiotics. In addition, when considering discharge of an infant hospitalized during the evaluation for SBI, the infant's medical history and social circumstances should be investigated and close follow-up arranged.
CONCLUSIONS
In the wake of improved vaccination for several serious bacterial pathogens in young infants and improved bacterial culture technique, the evaluation and management of SBIs are evolving. Our study demonstrates that pathogenic bacteria are frequently identifi ed in <36 hours. These data suggest that, in the right clinical and social circumstances, the physician may discontinue antibiotic therapy if bacterial culture results remain negative at 36 hours in infants admitted to the hospital with fever. Future research in the area of the TTD of CSF cultures would strengthen this conclusion.
